I. INTRODUCTION
The emergence of the knowledge economy (KE) is a crucial factor in determining the future shape of global and regional economies. Knowledge is the source of competitive advantage. The performance of different countries in developing a knowledge based economy is important because the management of knowledge accelerates economic development, provides macroeconomic stability and enhances positive global integration. However, the assessment of the relative efficiency of different knowledge economies in the Asia Pacific region in a rigorous fashion using sophisticated quantitative methods such as Data Envelopment Analysis (DEA) has probably not been done yet. There is an urgent need for undertaking such a study for academic reasons and public policy formulation.
The objective of this paper therefore, is to assess the relative efficiency of the Asia Pacific countries in their development of KE. Our argument is based on the results of the linear programming application of DEA. DEA compares the efficiencies of countries in transferring their available resources (both monetary and non-monetary) to the development of a k * nowledge society where knowledge is widespread, highly disseminated and innovatedly created. This paper makes an original contribution because a comprehensive analysis of this type, of relative performance measures of the knowledge economy in the Asia Pacific Countries has not been done before using a quantitative technique such as DEA. The paper is organized as follows. Section 2 discusses the data and methodology adopted and the sources of information. It also discusses the selection of the k-input and k-output factors required in a DEA analysis. The empirical results are presented and discussed in Section 3, and Section 4 offers some concluding remarks.
II. METHODOLOGY
This study intends to examine the relative efficiency of k-economy transition in the Asia Pacific region by comparing the performance of 12 countries by means of input-output analysis. The countries in the sample are: Australia, China, India, Japan, USA, NIC-3 (Hong Kong, Korea, Singapore), and the ASEAN-4 (Indonesia, Philippines, Malaysia, Thailand). India is included because of its closeness to the Asian region, geographically and economically, and because of its potential to become one of the world's leading economic superpowers in the near future together with China. The developed countries of US, Japan, Australia and the NIC-3 are all expected to have a high degree of K efficiency relative to the others because of their long standing as developed economies. They are regarded here as the benchmark k-economies.
A frontier analysis provided by the DEA algorithm is chosen to compare the relative performances of all the countries in this cohort because frontier analysis provides an overall, objectively determined, numerical efficiency value. The most efficient performers are assigned a value of unity (100%), while the lesser performers are downwardly ranked according to their lowered efficiencies. Data Envelopment Analysis (DEA) is a nonparametric technique developed by Charnes et al. [1] and based on the seminal work of Farrell [2] . It has been used extensively since by other researchers because it does not have some of the assumptions and limitations of traditional efficiency measurement approaches. It is a technique that can handle multiple inputs and multiple outputs by using a linear programming benchmarking process. DEA has been widely used to assess the operational efficiencies where traditional measures have been found wanting [3] 
As a whole, the optimization procedure in DEA serves to ensure that the particular DMU being evaluated is given the highest score possible by maximizing its relative efficiency ratio, at the same time maintaining equity for all other DMUs. It should be noted that in this instance the objective is to maximize output (knowledge) rather than reducing input to achieve efficiency [6] .
The inputs and outputs used in this analysis are all knowledge based indicators. We call them k-inputs and koutputs, respectively. There are various k-indicators available in developing the analysis framework but they need to be clearly defined. K-inputs are the resources that reflect the economic development strength of a country and are crucial in promoting knowledge creation and dissemination. These include monetary and non-monetary indicators. K-outputs are the indicators that measure the amount of knowledge created and disseminated. Since knowledge is commonly defined in terms of technological improvement, most k-outputs are technology oriented. Koutputs also cover both monetary and non-monetary indicators. All knowledge indicators come from the Development Data Group of the World Bank [7] and the last 5 k-outputs are from the Earth Trend website [8] , a total of 13 inputs and 16 outputs. The long list of k-inputs and k-outputs available does not mean that they are all legitimate factors for the DEA algorithm. The selection of the most suitable variables for the DEA computation to work effectively is of paramount importance [9] [10]. It is therefore necessary to select those factors which are the most appropriate knowledge indicators. This was done in two ways. An initial approach to intuitively assess the worth of each input and output indicator and to select those most appropriate was abandoned when all economies computed equal efficiencies. The next approach was to do a correlation analysis of variables as a basis for selection, and then apply DEA with the chosen factors.
The second approach examined the correlation structure of all the variables to compensate for the possible multicollinearity problem, i.e. to decide which sets of indicators are the best measures for both the k-inputs and k-outputs. Since highly correlated variables capture the same information set underlying the knowledge transformation process, we chose to retain only low correlated indicators. For filtering purposes, we did this by taking the average correlation for the k-inputs and koutputs as the threshold to sort out the redundant indicators. The average correlations for the k-inputs and k-outputs were calculated and used as the basis for a structure of four indicators for both k-inputs and koutputs, all with average correlations lower than the grand average correlation values. The clusterings of correlations are surely of no coincidence so we grouped and tabulated all the indicators according to their correlation cluster to find where they share a common attribute. For the k-inputs, the indicators in the first group are generally gross measures for inputs except for Pupil-Teacher Ratio. Thus there are two indicators selected from this group. The second group is generally indicators that represent average measure for inputs, except for Expenditure on R&D. These variables can be interpreted as measures of how the k-input is disseminated over the population. However, Expenditure on R&D is selected over others. This is possibly a good and better proxy for k-input dissemination since the rest are so highly correlated. Gross FDI is selected and it has low correlation with the rest because it is the indicator that captures the external source of input to the economy thus serving as a separate indicator for the external environment.
The groupings of the k-outputs are more obvious. The indicators in the first group are all measures for knowledge dissemination, except for R&D Researchers, and Scientists & Engineers. The correlations of these two indicators with the rest of the indicators in the group are the lowest but since their average correlation value do not meet our selection criterion set by the grand correlation value, they are not selected over the other indicators. The second group basically measures knowledge innovations. International Telecom is selected for the same reason as Gross FDI; it is a measure which indicates the openness of the economy to the external environment. These groupings provided the factors for DEA computation.
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III. RESULTS AND DISCUSSION
The intuitive approach is not presented because it identified all 12 countries as equally efficient. The result of the DEA efficiency scores for the second approach are reported in Table1.
TABLE 1 RANK ORDERED EFFICIENCIES
This shows eight of the twelve countries as equally efficient and four inefficient. These proportions of efficient to inefficient are not unusual where aggregated data are used for efficiency comparisons. The eight equally efficient (100%) countries is based on the average frequency from k-indicators of each efficient unit contributed to the scoring process. A more diagnostic analysis using specialized versions of DEA can further rank order these countries within their fully efficient status. Table 1 lists the eight efficient countries, rank ordered, then the four relatively inefficient countries of India 77.63%; Thailand 72.75%; Indonesia 75.16%; and China only 17.96%. The above results imply that all the developed countries are relatively efficient in using the selected inputs to help in creation and diffusion of the corresponding k-outputs with Malaysia and Philippines the only two emerging markets that perform at par with the developed countries.
An analysis of the input/output contributions that the DEA algorithm used to achieve the scores provides an useful indication of which k-inputs and k-outputs have been used in determining the relative efficiency scores, and which have been ignored. The values are normalized to show a percentage of the overall input and output contributions. The result indicates that the Resource Dissemination (R&D Exp) is the most frequently referred k-input, followed closely by External Resources (Gross FDI). Both indicators are important in the reference list of South Korea, Malaysia, Singapore, Thailand, Indonesia and China. Only the Philippines shows a balance in reference to all the three k-inputs. For k-outputs, knowledge dissemination (Mobile Phones) is the most preferred indicator, followed by the External connection (International Telecom). Only one country shows high preference to Knowledge Innovation, i.e. the U.S. In general, the above results indicate that the wide spread of k-inputs and k-outputs are key factors differentiating the relative performance in the sample countries. Control for the size of each country, gross resources and knowledge innovation do not play a significant role in setting the efficiency scores.
Analysing such data implies potential improvement of k-indicators for the less efficient countries, i.e. India, Indonesia, Thailand and China, by suggesting ways these less efficient countries can improve in becoming relatively efficient units compared to the full-score countries.
In terms of k-inputs, inefficiency refers to total amount (value) or percentage (%) of the oversupply kinputs. In order to become a full-score country, one can improve by cutting down the control k-inputs as suggested but maintaining the current level of k-outputs attained. Since we are using an output oriented DEA model in this study, cutting the given state of k-inputs to retain the current level of k-outputs is inappropriate. The more appropriate interpretation for the given input inefficiencies perhaps is to expect more k-outputs for the given level of k-inputs (which is given in the next paragraph). As the results show, the main inefficiencies in the sample countries is clearly due to the oversupply of Gross resources (Tertiary Enrolment) in achieving the given state of the k-outputs, followed by Research and Development. Although cutting tertiary enrolment is not a practical solution, the result still conveys some insights. It might be a reflection of a serious brain drain problem happening in these emerging markets, where the outflow of the human capital to the developed countries undermines the level of the desired k-outputs. The results also indicate that input dissemination is not a serious problem, except in India. In order to perform at par with the efficient units, DEA results suggest that India has to reduce 99.03% in tertiary enrolment and 86.49% in expenditure on R&D for the level of the k-outputs the country possesses. Only India needs to increase the dissemination of the k-inputs.
In terms of k-outputs, inefficiency refers to the total amount (value) or percentage (%) of under-produced koutputs. In order to become a full-score country, one can improve by increasing the k-outputs as suggested using the current available amount of k-inputs. Knowledge dissemination (Mobile Phones) is the weakest point for all low-score countries, except China. China is weak in all three k-outputs given their state k-inputs level, but Knowledge Innovation (the most) and External Connection are seriously undersupplied. India, Indonesia and Thailand should also attain higher levels of Knowledge Innovation (especially India) and External Connection given the level of k-inputs they possess. For India and China, DEA suggests that they are lagging behind in Knowledge Creation (innovation). Although both countries are fast growing and have advance technology now, given that DEA is a relative model, the message to read here is that compared to the other countries in the sample, both India and China are not "good enough" in producing the desired level of Knowledge Creation given the state of the k-input utilised. For China, External Connection is inefficient relatively to others, in tandem with the fact that the Communist government is still closely monitoring China's exposure to the outside world. Hence, there is no surprise why the potential improvement suggested for China is surprisingly high compared to the others.
IV. CONCLUSION
A knowledge-based economy (K-economy) is increasingly driving economic growth and advancement [11] [12] . This necessitates a national development policy for countries to reengineer themselves and transform towards a knowledge society. Recognizing this shift in the development paradigm, this paper investigates the performances of 12 selected Asia Pacific countries in their move towards developing a K-economy. The 12 sample countries are Australia, China, India, Japan, the US, NIC-3 (Hong Kong, Korea and Singapore), ASEAN-4 (Indonesia, Philippines, Malaysia and Thailand). The performances of these countries are evaluated using Data Envelopment Analysis (DEA), a non-parametric linear programming frontier analysis which has become quite popular over the past decade and widely used in many comparative analyses. In general, the DEA results indicate that knowledge diffusion and dissemination is still major obstacles for these countries in developing a k-economy. In the evaluation process, DEA shows that resource dissemination is the most frequently referred k-input, while Knowledge Dissemination is the most referred koutputs. The result implies that the scale of resource diffusion and knowledge dissemination remains different across countries. US is the only country possessing strength in knowledge innovation. The DEA score also shows that four of the emerging countries (India, Indonesia, Thailand and China mainland) are relatively inefficient in K-economy development. A further analysis on the input-output inefficiency indicates that brain drain might be one of the most serious problems undermining the level of their K-economy development compared to their counterparts. However, except for India, Resource Dissemination is not the most serious problem in these relative inefficient countries. Knowledge Dissemination remains the weakest point for the relative inefficient countries, except China. Finally, the result also shows that both India and China encounter serious drawbacks in knowledge Innovation and External Connection. The results and the discussion should be taken as the first step in an analysis which warrants further research
